Rheumatoid arthritis (RA) is a systemic autoimmune disease that involves inflammation and joint pain and causes bone resorption. Irradiation with light-emitting diodes (LEDs) is being evaluated for the treatment of RA, but the underlying molecular mechanisms are unclear. To determine whether anti-inflammatory effects are provided, LED irradiation was provided for rats with collagen-induced RA (CIA), and total RNA was isolated from the synovial tissues of CIA rat joints. Gene expression profiles were then monitored by DNA microarray. LED irradiation decreased the swelling in CIA rat knee joints. DNA microarray analysis demonstrated that expression of many genes was altered in RA, including increased MMP3 mRNA levels, while MMP3 mRNA levels were reduced by LED irradiation. These reductions in MMP3 mRNA levels by LED irradiation were confirmed by RT-PCR and real-time PCR. Immunohistochemical analysis demonstrated strong staining for MMP3 in the CIA group, and LED irradiation significantly reduced this staining. Clinical features of reduced swelling in CIA knee joints suggest that LED irradiation might be useful as RA therapy. Since MMP3 has been identified as an important factor in the pathogenesis of RA, reducing MMP3 expression by LED irradiation might offer an important mechanism for reducing inflammation in RA.
Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by pain and inflammation, progressive joint destruction, significant disability, systemic manifestations and premature mortality (1) . This disease is characterized by the infiltration of leukocytes into the synovial tissue and synovial fluid of joints, ultimately leading to the destruction of cartilage and bone (2) . A vicious cycle of altered cytokine and signal transduction pathways and inhibition of programmed cell death contribute to cartilage and bone destruction by human fibroblast-like synoviocytes and osteoclasts (3 -5) .
Many treatments are available to relieve RA-associated pain, such as non-steroidal anti-inflammatory agents and anti-rheumatic steroids. However, some of these agents have side effects when used for a prolonged period and are not effective in all patients. Therapeutic options for RA by reducing the inflammatory mediators have been discussed, and one recent strategy of importance has been to block the actions of IL-6 and TNF-α using neutralizing antibodies (6, 7) .
On the other hand, collagen-induced RA (CIA) has been widely used for research into the pathogenesis of RA, because the pathological features are similar to RA, showing proliferative synovitis with infiltration of polymorphonuclear and mononuclear cells, pannus formation, cartilage degradation and erosion of bone (8) .
Since the early 1960s, low level irradiation (LLLI) therapies using light at different wavelengths, including HeNe, Ga-Al-As and Ga-As lasers, have been used in the therapy of specific diseases. These therapies have been aimed at reducing the duration of acute inflammation, stimulating tissue repair, achieving relief from pain, and promoting bone formation (9) . We have previously examined the effects of a Ga-Al-As (830-nm) diode laser on RA, and reported that this laser irradiation reduced inflammation in CIA rats by reducing gene expression of IL-1β(10), CXCL13 (11), CXCR3 (12), CCL2 (13) , and MMP3 (14) .
Other non-invasive therapies such as irradiation with a lightemitting diode (LED) could also be useful for managing pain, with a recent report showing that using an LED instead of a diode laser instrument as a light source can also achieve anti-inflammatory effects (15) . However, little is known regarding the mechanisms by which light irradiation achieves anti-inflammatory effects.
The present study used a CIA rat and employed DNA microarray technology and immunohistochemistry to examine the effects of LED irradiation on RA inflammation.
Materials and Methods

Animal experiment
Female Lewis (LEW/CrlCrlj) rats, 6 weeks old, were obtained from Charles River Japan (Kanagawa, Japan) and The identified genes were also mapped to genetic networks in the IPA database and ranked by score. This score reflects the probability that a collection of genes equal to or greater than the number in a network could be achieved.
RT-PCR and real-time PCR analysis
RT-PCR and real-time PCR reactions were undertaken 
Results
First, we examined the effects of LED irradiation on RA inflammation using the rat CIA model. The hind-paw of CIA rats showed significantly increased swelling, and LED irradiation reduced this swelling (Fig. 1 ). Comparing reduction rates of knee joint swelling between LLLI (830 nm Ga-Al-An diode laser and LED irradiation suggested that LED irradiation also provided effective relief from inflammation (Fig. 2) . in CIA rats compared with controls (Fig. 3A) , and was down-regulated by LED irradiation (Fig. 3B) . The links from gene expression networks demonstrated that IL-1, IL-1R and NFkB1-RelA were associated with down-regulation of MMP3 gene expression (Fig. 3C) .
Next, we examined canonical pathways using the IPA system. CIA highly increased gene expression of IL-1, IL-1R, c-fos, MMP13 and MMP3 genes (Fig. 4) . Interestingly, LED irradiation suppressed TNF-IL1 signaling by decreasing IL-1R, MMK and MMP3 gene expressions in CIA rat joint tissues.
To validate the results obtained from IPA analysis, we focused on MMP3 and examined gene expression by RT- PCR. An amplified DNA band corresponding to the MMP3 gene was more intense in CIA rats than in control rats, whereas LED irradiation reduced the intensity of this band (Fig. 5) . In contrast, mRNA levels of GAPDH, a housekeeping control, did not differ between CIA rats and LEDirradiated CIA rats.
Finally, phenotypic expression of MMP3 proteins was examined by immunohistochemistry. MMP3 proteins were detected in synovial tissues of all groups of rats. Synovial tissue from control rats exhibited very weak constitutive expression of MMP3 protein, but this was strongly upregulated in CIA rats. As we expected, MMP3 protein expression was significantly decreased in CIA rats treated using LED irradiation. Staining was negative when the primary antibody was omitted (Fig. 6 ).
Discussion
Osteoarthritis is a chronic disease of synovial joints. from individuals with fibromyalgia, osteoarthritis, ankylosing spondylitis, and acute inflammation, but are higher levels in RA patients and appear to correlate with levels of Creactive protein, suggesting that MMP3 levels might offer a useful predictor of joint destruction (18) .
MMP3 actively destroys cartilage matrix components such as proteoglycan and fibronectin, and can activate proMMPs (19) . Our pathway analysis showed that MMP1 gene expression is unaltered in CIA, whereas MMP3 is upregulated. Our key finding was that MMP3 expression in CIA was down-regulated following LED irradiation. Serum MMP3 levels reportedly correlate with MMP3 levels produced by the synovium, and thus reflect the level of activity of rheumatoid synovitis (20) . Serum MMP3 levels also decrease in patients taking anti-RA drugs administration (21) . Taken together with the results of these investigations, the reduction of MMP3 expression in CIA synovial membrane tissues following LED treatment may offer an important explanation of the beneficial effects of LED treatment on RA.
